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1. Introduction 

Traditionally, the chemical industry, as well as regulatory agencies, 
has not used systematic review in chemical risk assessment. Whi le the 
current approaches, using narrative methods, dose—response analysis, 
and risk evaluation frameworks, appear to be thorough and robust, haz-
ard and risk assessments come under detailed scrutiny in the regulatory 
setting from decisions that seem to be subjective. Further difficulties can 
arise in communicating the risk assessment and resulting risk manage-
ment decisions to the general public and politicians in a consistent and 
credible manner, when perhaps not all the data and choices have been 
documented as transparently as they could be. It is in the interest of the 
chemicals industry to assure people are safe and do not come to harm 
through exposure to hazardous chemicals, either in the environment or 
in consumer products. Here, we ask "can the process of a structured sys-
tematic review lead to increased transparency for clearer communica-
tions as to why certain decisions around chemical safety are reached?" 

The process of systematic review was fi rst documented in clinical re-
search, under the US Cochrane Collaboration (Higgins and Green, 2011), 
to objectively and transparently determine whether a particular medical 
intervention is effective in treating a medical condition. This is a situation 
where human individuals and populations may react differently to a 
medical intervention and human evidence, from often well controlled 
studies with defined exposures, can give conflicting and unexpected re-
sults. Certain subjectivitiesand biasescan creep into an evaluation that 
is not transparent. Interpreting the conflicts in the data can be open to 
misinterpretations and errors, and therefore the systematic review pro-
cess arose with the aim to make transparent each step and choice in 
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interpreting the data in the body of evidence, when drawing a conclusion 
on a particular clinical research question e.g. has the treatment been ef-
fective? Systematic review is a protocol-driven approach where each 
line of evidence is rigorously documented, the quality of data is evaluated 
against a pre-determined set of criteria, and if possible, meta-analysis and 
statistical evaluation of datasets is incorporated, with the goal of answer-
ing a specific pre-defined research question. 

Recently, in the US, systematic review methods have been explored 
in the context of whether they are useful in the context of answering re-
search questionson the potential for adverse health effectsor character-
izing hazard that may or may not be caused by environmentalchemical 
exposures. This is usually in the context of whether anthropogenic 
(man-made i ndustrially-derived) chem icals present in the workplace, 
environment or in consumer products can adversely affect the health 
of those exposed. If so, then policies and risk management strategies 
need to be implemented by regulators to either control, restrict or re-
move exposure to the offending chem ical.The consequencesof making 
erroneous decisions can lead to, most worryingly, an adverse human 
health effect (i.e. if a chemical hazard or risk is not appropriately identi-
fied and characterised);theconsequencesof making an excessively pre-
cautionary decision for a chemical (arguably for the benefit of public 
health protection) is on industrial innovation and economic growth. 
However, there is also a potentially indirect consequence that if a pre-
cautionary approach is taken on a substance that leads to a ban on the 
use of that substance,an evaluation also needsto be made on the chem-
ical that is set to replace its function in society—the alternatives may 
lead to a greater health risk. It may be the case that precautionary re-
strictionsand removal of chemicalsthat are used today and benefits 
ciety, are in reality used safely, but the evidence in the decision-making 
context has been biased in favour of taking a precautionary approach, 
for what could be a range of reasons that are not wholly based on 
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scientific evidence but on certain pre-conceived perceptionsof risk.Sys-
tematic review could in principle make the decision-making more 
transparent in terms of the evidence base and the choices made, but 
there is a concern in industry that this will take significantly more re-
source than a narrative approach, and some might say, is prohibitively 
resource intensive. From our experience, this may not necessarily be 
the case if systematic review is used wisely and is focused on the 'high 
value' questions that are critical to the decision or where there is a 
lack of consensus. 

Woodruff & Sutton (2014) from the University of California pub-
lished the concept of the 'Navigation Guide' described as 'a systematic 
and rigorous approach to research synthesis that has been developed 
to reduce bias and maximize transparency in the evaluation of environ-
mental health information'. The Ofice of Health Assessmentand Trans-
lation (OHAT) at the US National Toxicology Program (Rooney et at 
2014) have also developed an approach to systematically review data 
and evidence for chemical hazard identification, which is an integral 
part of chemical risk assessment as outlined below. However, it is im-
portant to consider that the hazard identification step of risk assessment 
is typically a qualitativeassessment,while quantitativestepsare neces-
sary to complete the risk assessment process. In this article, we will 
compare and contrast these two approaches for hazard identification, 
share experiencesof the systematic review process as implemented in 
an industrial context, and consider whethersystematic review process-
es have the potential to improve our ability to assure the protection of 
human health from chemicals that are present in the workplace, envi-
ronment and consumer products. To discuss these two systematic re-
view strategies in th is context, it is important firstly to understand the 
chemical risk assessment process and how it is distinctly different 
from risk management, health regulation and decision making. 

2. Chemical risk assessment & risk management 

Chemical risk assessment is a scientific evaluation processthat leads 
to an outcome, ideally quantitativeon a risk scale, such that the risk can 
be communicated to policy- and safety decision-makers, in order that 
an appropriate risk management strategy can be devised and i m ple-
mented. Risk is a function of the chemical (toxicological)hazard poten-
cy (that can be identified and characterised in toxicology studies) and 
the degree of chemical exposure (that is often modelled from a given 
exposure scenario). Toxicology studies are models of specific effects 
on the mammalian body; these can be in vivo or in vitro toxicology 
models, with guideline protocolsspecified by the Organisation of Eco-
nom ic Co-operation and Development (OECD) that are harmonized at 
an international level. If designed properly, a toxicology study can pro-
vide high confidence that there is no toxicological hazard or conversely 
identifya toxicological hazard, and, with careful doseselection,demon-
strate a dose-effect relationship for a hazard that can be characterized 
quantitatively.From an industry perspective, as well as guideline toxi-
cology studies that meet specified and internationallyaccepted regula-
tory standards, there may be peer reviewed literature from non-
standard or academ ic research experi mentsthat contributevaluableev-
idence and understanding, for example, to identifying a toxicological 
mode or mechanism of action.These data may be critical in understand-
ing the relevanceof animalstudiesto human health. In addition, human 
epidemiology or population-based studies may have been performed 
that can provide evidence or lack thereof of any adverse health effects 
arising from chemical exposure. The aim of the toxicity accrrment 
step, which followsthe hazard identification step, is to esti matethe po-
tential for hazard or risk and if possible define a point of departure 
(POD). This could either be a dose where no effects are likely to occur 
(i.e. a no observed (adverse) effect level (NO(A)EL)) or where there is 
good dose response information, a dose that has been shown to cause 
a specified level of effect (e.g. the benchmark dose at the 95th lowest 
percentile that shows a 10% increased incidence of effect (BMDL1o )). 
This toxicological benchmark can then be compared with real-life  

exposure to assess the level of risk that exposure could present to 
human health. 

The third step of the risk assessment process is the exposure acc,coc-
ment or understandingthe potential for exposure in the human popula-
tion of concern.Workers, general public, and consumersare all exposed 
to chemicals differently, in terms of the sources, pathways and intake 
routes (oral, dermal, inhalation) of exposure and to different chemical 
concentration levels. There are a wide variety of exposure models that 
are used to esti matechem ical exposureto the human body for example, 
CONSEXPO and CREME for consumer products, EFSA PRI M o and AOEL 
models for pesticidesexposure,ChemSteer for environmental releases, 
E-FAST for consumer and general population exposure, to name but a 
few. The tools of physiological ly-basedpharmacokinetic(PBPK) model-
ling can also be used to estimate internal dose metrics (Campbell et al. 
2012). Biomonitoring in humans can also be used as a measurement 
of exposure (Gentry et al. 2011). In short, there are many waysexposure 
levelscan be modelled and esti mated, that carry different levels of un-
certainty associated with parameter input data and overall data integra-
tion into an exposure estimate. 

The final step, the risk characterization is then conducted by compar-
ing the toxicological benchmark (toxicity assessment) and the exposure 
estimate (exposure assessment), to determine the difference between 
anticipated human exposure and a dose that is known not to cause ad-
verse effects (NOAEL), or a 'Margin of Exposure' (MoE) away from a 
specified level of effect (e.g. a BMDLio). Cancer risk esti mates can also 
be estimated from human population-based studies. The data and the 
evidencecan be used to map that scale of risk, but the scientist/riskas-
sessor should not decide on what level of risk is acceptable for society. 
This is for policy-makers or designated safety-decision makers to take 
the output of the risk characterization and make those decisions in a 
transparent way, ideally with stakeholders, and with appropriate risk 
managementstrategies in place. 

In any given situation, the level of risk that is deemed acceptable to 
society needsto be ascertainedand agreed upon, ideally by (or on behalf 
of) those most affected by the chemical exposure. However, thisshould 
be accompanied by a clear explanation of the science so that stake-
holderscan understand levels of exposure that truly pose an increased 
risk of health effects.This is where clear risk communicationand an un-
derstanding of risk perception come into play at the decision-making 
end; some people may say the risk should be zero (for a chemical 
with an identified hazard, this means exposure must be zero —and 
therefore this societal/political position can lead to a substance ban); 
some might say the risk can be 'negligible' or 'minimal' and then policy 
makers have to decide what these terms mean on the scale of risk e.g. is 
1 in 1000,000a negligible cancer risk; some might say the risk-benefit 
trade-off is significant enough that low risk can be tolerable/acceptable 
(e.g. 1 in 100,000 cancer risk estimate) as the benefits outweigh the 
risks. But already it can be seen that these decisionsthen move outside 
of the purely scientific and evidence-based assessment into the realms 
of political and societalconsiderationsoutsideof thescope of the risk as-
sessment itself. It is often in these areas that the chemical safety assess-
ment becomes controversial, with the discussions to reach agreement 
on what constitutes 'acceptable risk' requiring greatest resource 
through stakeholder involvement. 

3. The 'Navigation Guide' and the OHAT' approach — transparent 
hazard identification 

The University of California 'Navigation Guide' and the OHAT ap-
proach are somewhat similar but there are some key process differ-
ences, as outlined in Table 1. Both are systematic review approaches 
that have been used to make hazard identification more transparent 
and objective. Neither approach goes as far as to consider the quantita-
tive aspects of risk assessment (toxicity and exposure assessments) or 
uncertainty evaluations necessary in the risk characterization step of 
performing a chemical risk assessment. It is reported in Woodruff & 
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Table 1 
A comparison of the NavigationGuideand OHAT approachesto systematicreview. 

Navigation Guide 	 OHAT approach 
(Steps 1-3 are performed separately for human and non-human systems of evidence) 

Problem formulation and protocol development—the objectives of the evaluation 
must be clearly stated, including the key questions to be addressed. The evaluation 
is structured to answer these key questions that guide the systematic-review 
process for the literature search, study selection, data extraction and synthesis. The 
questions define the populations, exposures, comparators, outcomes, timings, and 
settings of interest (PECOTS) eligibility criteria for the evaluation. 

Search for and select studies for inclusion— primary literature is searched. The 
search covers multiple databases (including, but not limited to, PubMed, TOXNET, 
Scopus, and Em base) with sufficient details of the search strategy documented in the 
protocol such that it could be reproduced. All references identified in the search are 
screened for relevance to the key question(s) of the evaluation based on the PECOTS 
eligibility criteria established when formulating the problem in step 1. 

3. Extract data from selected studies—relevant data are copied or extracted from the 
publication. Human, animal and in vitro studies are evaluated separately. For each 
study, one member of the evaluation team performs the data extraction, and quality 
assurance procedures are undertaken as specified in the protocol (e.g., review and 
confirmation by another team member). 

4. Assess the quality or risk of bias of individual studies—a) reporting quality (how 
well or completely a study was reported); b) internal validity or risk of bias (how 
credible the findings are based on the design and apparent conduct of a study); 
and c) external validity or directness and applicability (how well a study ad-
drcs-rs the topic under review) 

5. Rate the confidence in the body of evidence— methods based on the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) Working 
Group guidelines (GRADE 2014) 

6. Translate the confidence ratings into levels of evidence—three descriptors used in 
step 6 ("high level of evidence," "moderate level of evidence," and "low level of 
evidence") directly translate from the confidence-in-the evidence ratings that 
exposure to the substance is associated with a heath effect, and a fourth 
designation ("evidence of no health effect") indicates confidence that the 
substance is not associated with a health effect 

7. Integrate the information from different evidence streams (human, animal, and 
"other relevant data" including mechanistic or in vitro studies) to develop hazard 
identification conclusions: 

The five hazard identification conclusion categories are: 

• Known to be a hazard to humans 
• Presumed to be a hazard to humans 
• Suspected to be a hazard to humans 
• Not classifiable as a hazard to humans 
• Not identified to be a hazard to humans. 

1. Specify the study question —frame a specific question relevant to decision makers 1 
about whether human exposure to a chemical or class of chemicals or other 
environmental exposure is a health risk. 

2. Select the evidence—conduct and document a systematic search for published 	2. 
and unpublished evidence. 

3. Rate the quality and strength of the evidence: rate the quality of individual studies 
and the quality of the overall body of evidence based on pre-specified and 
transparent criteria. 
The end result of Steps 1-3, is one of five possible statements about the overall 
strength of the evidence: 

• Known to be toxic 
• Probably toxic 
• Possibly toxic 
• Not classifiable 
• Probably not toxic 
4. Grade the strength of the recommendations—involves integrating the strength of 

the evidence on toxicity (from Step 3) with information about exposure, the 
availability of less toxic alternatives, and patient values and preferences. 

Sutton (2014) that the 'Navigation Guide' has only been applied to a 
case study (answering the question "does developmental exposure to 
perfl uorooctanoicacid (PFOA) affect fetal growth?) in Steps 1-3. Inter-
estingly, it isstated that resource was not availabletocompleteStep4 of 
the process in a case study setting, which is not surprising as this is ar-
guably the most controversial step of the decision making process and 
where transparency is needed equally, if not more than for hazard 
identification. 

In conducting systematic reviews in a truly transparent and struc-
tured manner, steps4 (or 4 through 7 for OHAT) will require the devel-
opment of a consistent scoring or rating approach that incorporates 
methodsof review ingthe evidencethat are agreed upon by thescientif-
ic and regulatory community. From an industry perspective, this will 
move us towards the elimination of the subjective nature of these 
steps that has been the source of controversy in hazard identification. 
The lack of agreed scientific methods for rating different data types 
and the use of mainly scientific judgment has resulted in criticisms of 
selected hazard identification stepsas biased or focusing only on select-
ed data which may not represent the body of evidence. The incorpora-
tion of "scoring" of all of the available data as part of the systematic 
review, to incorporate an evaluation of the quality of each line of evi-
dence and 'risk of bias' in particular studies, will not only improve the  

transparency in integration of the evidence, but will allow for increased 
ease in characterizing the "weight" of the evidence. There are many 
scoringapproachesin the literature, but a combination of these are like-
ly to be necessary to improve hazard identifi cation, as well as aid in the 
selection of the most appropriate, high quality studies for the quantita-
tive steps of risk assessment (toxicity and exposure assessment). 

4. Systematic review of a heterogeneous evidence-base including 
novel toxicology data types 

With the advent of novel approaches, such as application of the 
mode of action framework, in toxicology now being structured around 
the concept of the 'adverse outcome pathway'(Villeneuve et al., 2014a, 
2014b), it will become necessary in the near future to not only consider 
the classical observationaltoxicologyand human epidemiologystudies, 
but also more novel heterogeneoussourcesof data around mode/mech-
anismsof action from in vitro assays, high th roughputapproaches,com-
putational predictive toxicology tools, categorization and read-across 
and systems biology approaches.Any systematic review framework de-
rived for supportingchemical risk assessment must be future proofed to 
incorporate the new types of toxicology data that are emerging. As of 
now, the application of systematicreview is more focused on traditional 
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toxicologyassaysthat have been used for both hazard identification and 
toxicity assessment. However, it is foreseeable that the same generic 
principles listed in Table 1, can apply to the interpretation of new 
types of toxicology data as well as the traditional OECD guideline 
study types, but it may require specific quality and scoring criteria to 
be developed for these newer methods, particularly when there are 
known limitations,and applicability domains,as to how predictivesin-
gle assay methods are at predicting human adverse health effects, or 
whether such assays only reveal information about potentiality and 
mechanism that needs to be considered in a holistic mode of action/ad-
verse outcome pathway. This requiressome careful detailed consider-
ation going forward of how new relatively immature assaysshould be 
incorporated into a systematic review and considered in an overall 
weight-of-evidence assessment. Given the different technical special-
isms that are required to interpret in vitro assay data, computational 
toxicology, systems biology, standard in vivo assays, epidemiology etc. 
it is likely that systematic reviews for substances where there are 
large bodies of heterogeneous evidence will require a multidisciplinary 
team effort, and to perform such assessmentsw II have resource impli-
cations within industry for the future. 

5. The path ahead for systematic review in supportingchemical 
safety decisions 

In answer to the question posed in the introduction "can the process 
of a structured systematic review lead to increased transparency for 
clearer communications as to why certain decisions around chemical 
safety are reached?" We believe it can, if pragmatism is employed 
throughout the process. Exploring approaches to make better 
evidence-based and scientifically-informed decisions can only seek to 
improve the outcomesfor society asa whole. The goal remainsto main-
tain human health protection at the same time as enabling technologi-
cal advances in the chemical industry that can bring real and tangible 
benefits to society, and striking that balance.Risk is only ever zero if ei-
ther exposure is zero or the substance presents no toxicological hazard. 
Weshould continuallyconsider to understandchemical risk in the con-
text of the risks we encounter in daily activities and the fact that they 
will never be zero as well. In addition, there is always uncertainty 
around proving a negative, as well as with understanding a positive, 
and so in practice risk is not only almost never considered to be zero 
but should never be considered to be a single value. Systematic review 
can help structure the data and assess quality and confidence of the 
lines of evidence in a hazard evaluation into a clear and transparent re-
cord of the evidence. This moves us away from characterizing the data 
associated with potential hazard as either "positive" or "negative", but 
rather characterizing the available toxicity data as providing a certain 
"weight" of evidence for or lack of evidence for an adverse health out-
come. It is feasible that a systemic approach to exposure modelling in 
any risk assessmentcan also be performed in a similar way to the struc-
ture provided by the systematicreview of a hazard evaluation.However 
thisstill leavesthe main issue, in that when bringing the toxicology and 
exposure information together, society (the public and/or their elected 
representativesor civil service) has to make choices about the level of 
calculated risk it is willing to accept in any given situation (Rod ricks, 
2007) and often policy makers find this difficult to address when not  

informed effectively by all stakeholdersaround a given decision.Clarity 
and transparency of evidence-baseddecision-makingis crucial for deci-
sionsto be made t ha tfileati of society in a considered and balanced 
way. Systematic review needs to go as far as making the whole risk-
based safety decision-making process transparent. However, the re-
source implications of this should not be underestimated. The tools 
should be developed to ensure ease and speed of use, otherwise there 
is a risk that the time taken to perform a full and complete systematic 
review to come to decisions of increased confidence could hinder the 
speed to market of a new innovation and that will have consequences 
to industry, as well as the general public. Ideally, systematic review 
would be a tool that focused on critical and controversial questions in 
chemical risk assessmentthat are key to the safety decision or policy di-
rection that needs to be set, and that these focused questions are iden-
tified as early as possible. There is scope for systematic review to 
increase the confidence in the hazard identification step of chemical 
risk assessment, however to be really effective in helping to increase 
confidence and transparencyaround the final safety decision, the trans-
parency process needs to go further to cover exposure, the risk charac-
terisation,the uncertaintyevaluationand the value judgementon why a 
particular level of risk has been deemed acceptable according to the 
value judgements of the ultimate safety decision-maker. It is perfectly 
acceptable for different societies in different parts of the world to 
come to different conclusions usi ng the same body of evidence, if their 
value judgments about the ultimate risk-benefit balance are different. 
However, at least the scientific data-driven and evidence-basedcom po-
nentsof chemical risk assessmentshould be consistentglobal ly and can 
be documentedastransparentlyand objectively as possible, incorporat-
ing a pragmatic process of systematic review to answer pre-defined 
questions using pre-defined criteria. 
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